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poly[1-[4-(3-carboxy-4-hydroxyphenylazo)benzene-sulfonamide]-1,2- ethanediyl sodium salt]）スピ
ンコート薄膜を作製し，紫外光照射が引き起こすシス型からトランス型への遷移がもたら







ニワトリの表皮や真皮など皮膚のさまざまな部位の複屈折測定を行い，表皮では ~ 0.008 ，







In this thesis, I have developed a nano-probe for the microscopic characterization of 
anisotropic samples specially in the form of thin films. The developed probe has been successfully 
tested to measure birefringence in the range of 10-3 ~ 10-1. 
The probe was developed with focused surface plasmon (interference of surface plasmons 
generated by coupling with convergent incident light from a high numerical aperture microscope 
objective). The birefringence of the sample caused the change in the propagation constant along the 
principal directions of the sample. Elliptical absorption pattern in the reflected spatial frequency 
distribution was observed on introduction of anisotropic sample as Kretschmann configuration. The 
ratio of the propagation constants along the principal directions yields the magnitude of birefringence 
while the orientation of the elliptical absorption pattern in the reflected spatial distribution denotes the 
fast axis of the sample. The developed probe is thus able to quantitatively characterize anisotropicity 
of samples in microscopic region.  
The detailed characteristics of the anisotropic samples in the form of thin films exhibiting 
photo-induced birefringence have been analyzed in terms of the magnitude of birefringence and the 
direction of fast axis. I examined azo-polymer PAZO poly[1-[4-(3-carboxy-4-hydroxyphenylazo) 
benzene-sulfonamide]-1,2-ethanediyl sodium salt] thin films produced by spin coating. The 
birefringence varies in the range of 0.01 - 0.07 with low density under the influence of ultra-violet 
radiation due to photo-isomerization (transition from the cis-state to the trans-state). The fast axis of 
the sample could be rotated with the change in polarization of the ultra-violet light. This could be 
further correlated with the change in orientation of elliptical absorption pattern at the reflected spatial 
frequency distribution. 
Further, to perform high birefringence measurement with the developed probe, I also 
synthesized gigantic birefringence azo-polymer (exhibiting photo-induced birefringence: Δn ∼ 0.4). 
I correlated the results with simple in-line polarimetric set-up.  
Also, I checked the applicability of the developed probe for determining very low 
birefringence of bio-samples. I analyzed various parts of the chicken skin samples like the epidermal 
and the dermal layers  to observe the birefringence changes. It was found that the dermal layer of the 
skin showed Δn ∼ 0.03 while that of the epidermis showed Δn ∼ 0.008. Further I confirmed that the 
effect of scattering on near-field anisotropic characterization is negligible. Thus, this method can be 
used to characterize highly scattering samples like skin. 
I believe that the developed probe can find potential application towards disease detection, as 
most tissues within human body secrete collagen (possessing intrinsic birefringence). The increase of 
birefringence in such tissues can be used as a label free bio-marker. Potential example include 






















リの表皮や真皮など皮膚の複屈折測定において，表皮の複屈折が約 0.008，真皮が約 0.03 
であることを確認している．この実験により，皮膚組織の強い光散乱は測定に大きな影響を
与えないことが確認され，無標識での皮膚日射病診断などさまざまな病理診断が行える潜
在性を示している． 
以上の成果は，光計測工学の発展に大きく寄与し，病理診断を目的とした新規な生体試
料評価法の可能性を提示しているため，本論文の著者は博士（工学）の学位を授与される資
格があるものと認める． 
 
